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HOW TO GET YOUR CPU 8086/88 TO RUN IN UNDER 6 MINUTES 
WITHOUT READING THE MANUAL 



This section is for those of you who are so anxious to see 
if your new CPU board works that you can't wait long enough to 
read the manual. This section will tell you how to set the 
switches up so that the CPU 8085/88 will look most like your 
older CPU board. 

WE STRONGLY RECOMMEND THAT YOU RELAX, AND READ THE MANUAL!! 

If, after reading and following the directions in this section, 
your system doesn't work, DON'T CALL!!! READ THE MANUAL FIRST!!! 



SWITCH SETTINGS 

Dip switch 1 is located between U6 and U7. It is used 
select various operational modes of the CPU 8085/88. 

DIP SWITCH 1 

SWITCH POSITION 

1 
2 
3 
4 
5 
6 
7 MW OFF if 



to 
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XA3 


ON 
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ON 


lOW 


ON 


5RS 


OFF 


8RS 


OFF 


JOR 
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MW 


OFF 




ON 


POJ 


ON 




OFF 



if you have a front panel, 

otherwise. 

if you need power-on- jump , 

otherwise. 



Dip switch 2 is located between U25 and U26 and is used to set 
the power-on-jump address. If you don't need power-on-jump, you 
should set dip switch 1, position 8 to OFF, and you can skip 
this section. 
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Dip switch 3 is used to set the I/O port that is used by the 
Memory Manager and swapping processors. The CompuPro 'standard' is 
port address FD hex, and here's how to set it: 



DIP SWITCH 3 

SWITCH POSITION 



LABELED 


HOW 


ADDR 


OFF 


ADDR 1 


ON 


ADDR 2 


OFF 


ADDR 3 


OFF 


ADDR 4 


OFF 


ADDR 5 


OFF 


ADDR 6 


OFF 


ADDR 7 


OFF 



HOW TO SET IT 



SWITCH 4 

Switch 4 is located in the upper right hand corner of the 
board and is the large switch with the red paddle. It is used to 
select either 2 or 4 MHz operation for the 8085. 

TURN THIS SWITCH SO THAT THE PADDLE IS IN THE RIGHT - MOST 
POSITION. This will select 4 MHz operation, which is a good place 
to start. 

If you have a IMSAI-type front panel, plug the cable into J2. 
J2 is a 16 pin socket located in the upper right hand corner of the 
board. You will also want to turn position 7 of Dip Switch 1 (MW) 
OFF, and to install a jumper at location J6. 
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ABOUT THE CPU 8085/88 



Congratulations on your purchase of the CPU 8085/88, an 
advanced processor board designed specifically for full electrical 
and mechanical compatibility with the IEEE S-100 bus standard. The 
S-100 bus is the professional level choice for commercial, indus- 
trial and scientific applications. This bus provides for ready 
expansion and modification as the state of the art improves. We 
believe that this board, with the rest of the CompuPro family, is 
one of the best boards available for that bus. 

Features such as 6 MHz operation, 24 bits of extended 
addressing, power-on jump, and the ability to have 16 bit power in 
an S-100 system at a reasonable price, make the CPU 8085/88 another 
proud member of the CompuPro family. 



TECHNICAL OVERVIEW 

The CPU 8085/88 Dual Processor board was specifically designed 
to make it easy for the S-100 bus user to get into the world of 16 
bit micros, while at the same time preserving compatibility with 
existing hardware and software. 

We accomplished this goal by choosing the Intel 8088 16 bit 
CPU, (an 8 bit bus version of the 8086), and the 8085AH 8 bit CPU. 
The 8085 provides both hardware and software compatibility with the 
current crop of S-100 peripherals, and the 8088 provides for 
greatly enhanced software capability while maintaining an 8 bit 
external bus for hardware compatibility. 

The user may switch back and forth between the two processors 
with a simple software command. For example, this allows the user 
to let the 8085 run his currently available (and familiar) disk 
operating system while letting the 8088 run the more advanced 
applications software. One processor would then "call" the other 
to handle the task most suited to it. 

This environment is also extremely effective when trying to 
develop new software for the 8088. One may use tools available 
that run under the 8085 (such as CP/M and Microsoft's 8086/88 Macro 
Cross-Assembler that runs under CP/M) to write the new code and 
then simply switch over to the 8088 to try it out. PROM's need not 
be burned and erased and systems pulled apart to transfer the code 
to the 8088 system. 

The 8088 currently runs at 8 MHz and the 8085 at 6 MHz to 
maximize throughput. A switch is provided to slow the 8085 down to 
2 MHz for software dependent timing loops that want to run at that 
speed and are not easily changed. 

The 8085 can directly address 64K bytes of memory, but our 
built-in Memory Manager scheme allows access to the full 16 mega- 
bytes available per the IEEE S-100 standard. The 8088 can directly 
address 1 megabyte, but our Memory Manager is smart enough to know 



which processor is in control. Thus the 8088 uses only the upper 
four bits of the Memory Manager so it too can access the 16 
megabyte address space. This will be described in greater detail 
later. 

The CPU 8085/88 rigidly adheres to the IEEE S-100 standard to 
insure compatibility with future S-100 components, but should also 
work quite well with most well designed pre-IEEE hardware. For 
example, provision is made to use the IMSAI front panel even though 
it doesn't exactly fit into the new standard. 

Many long hours of thought and revision went into this product 
and we at CompuPro are confident that it will provide years of 
solid service. We sincerely hope that you will enjoy it. 



SWITCH SETTINGS AND OPTION SELECnOBf 

SWITCH SI 

Switch SI is located between U6 and U7 and is used to select 
the various options and operational modes of the CPU 8085/88. 



EXTENDED ADDRESS OPTIONS 

The first two positions of SI are used to control how the 
upper 8 address bits (A16-23) respond to certain system operations. 

Switch position 1 is labeled XA3 and is used to control 
whether or not A16-23 will be Tri-Stated when ADSB* is asserted 
on the S-100 bus. ADSB* is used to Tri-State the system address 
bus, usually during a DMA. 

Newer DMA devices that meet the IEEE S-100 specifications are 
required to provide the full 24 bit address to the bus* during a 
DMA, but most of the older devices do not. 

If you have a device that provides all 24 address bits then 
turn switch position 1 ON. Otherwise turn switch position 1 OFF. 

Switch position 2 is labeled XAC and is used to control 
whether or not the extended address bits (A16-23) are cleared when 
RESET* is asserted on the S-100 bus. 

The extended address register will always be cleared on a 
power-up, but after your program sets its value you may not want it 
to be cleared (set to 0) each time a RESET occurs. 

If you desire the bits to be cleared on RESET* then turn 
switch position 2 ON. If you want to leave the register unchanged 
after a RESET* then turn switch position 2 OFF. 



I/O WAIT STATE SELECTION 

Switch position S3 is labeled lOW and is used to control 
whether or not a wait state will be inserted into every I/O cycle. 

This is particularly useful when running at 6 MHz and beyond. 
Older design I/O boards may have trouble running at 6 MHz, 
especially those with UARTs. To deal with this problem the CPU 
8085/88 allows automatic insertion of one wait state to each I/O 
cycle. 



To allow wait state generation turn switch position 3 ON . 
To inhibit automatic wait state generation turn switch position 3 
OFF. 



PROCESSOR INITIALIZATION AFTER SWAP OPTIONS 

The CPU 8085/88 contains circuitry that handles orderly 
change-overs between the 8085 and the 8088. Part of this circuitry 
determines what state the respective processor will be in when it 
comes "on line". 

One mode of operation will cause a RESET to be issued to the 
processor as it comes on line. This will cause the 8085 to go 
through a power-on-jump sequence (if enabled) or to begin execution 
at address 0000 hex. The 8088 will begin execution at FFFFO hex. 

Otherwise, when each processor comes on line it will begin its 
execution at the place where it went off line. It just picks up 
where it left off. 

If you want the 8085 to always be reset when it comes on line, 
turn switch position 4 ON (labeled 5RS for 8085-Reset-On-Swap). If 
you want the 8085 to resume operations in place when coming on 
line, turn switch position 4 OFF. 

If you want tVie 8088 to always be reset when it comes on line, 
turn switch position 5 ON (labeled 8RS for 8088-Reset-On-Swap). If 
you want the 8088 to resume operations in place when coming on 
line, turn switch position 5 OFF. 

NOTE: When both processors come on line the first time they will go 
through their normal power-up sequence regardless of the settings 
of these two switches. 

IMPORTANT NOTE: When using the CPU 8085/88 with DMA devices, the 
5RS and 8RS switches MUST be in the OFF position. 



JOMP-ON-RESET 

The CPU 8085/88 contains a "power-on-jump" circuit that allows 
the 8085 to begin its execution at any 256 byte page boundary. In 
the strictest sense of the definition, a power-on-jump circuit 
should only be active at power on. But sometimes it is convenient 
to perform the jump each time a RESET* occurs. We have provided 
this option for you. 

Switch position 6 is labeled JOR and is used to determine 
whether or not the 8085 will jump on reset or only on power on. If 
you desire a jump sequence to occur for resets, turn switch 
position 6 ON. If you want the jump to occur at power on only, 
turn switch position 6 OFF. 



MWRITE ENABLE 

Switch position 7 is labeled MW and is used to determine if 
the CPU 8085/88 will generate the S-100 signal MWRITE. 

The IEEE S-100 standard states that MWRITE shall be generated 
only in one place in a given system. Some systems, notably those 
with front panels (ie: IMSAI 8080), have circuitry that generate 
MWRITE. This circuitry is not easily disabled. Some systems do 
not have an MWRITE generator, so it is up to the CPU to provide 
MWRITE to the bus. 

The important point here is that you only want one MWRITE 
generator in your system. If your current system has an MWRITE 
generator in it, you will want to turn switch position 7 OFF . If 
your current system has no MWRITE generator in it (or if you are 
about to remove your old CPU card that generated it) you will want 
to turn switch position 7 ON. 

To summarize, turning switch position 7 ON will allow the CPU 
8085/88 to generate MWRITE and turning switch position 7 OFF will 
inhibit generation of MWRITE by the CPU 8085/88. 



POWER-ON- JUMP ENABLE 

Switch position 8 is labeled POJ and is used to enable or 
disable the power-on-jump feature of the CPU 8085/88. 

If you desire to have the power-on-jump feature active then 
turn switch position 8 ON. If you don't want the power-on-jump 
feature to be active then turn switch position 8 OFF. 

If the power-on-jump feature is not utilized then the 8085 
will begin its execution at 0000 hex, which is its normal mode of 
operation. 



DIP SWITCH 2 - POWER-ON-JUMP ADDRESS 

Dip switch 2 is located between U25 and U26 and it is used to 
set the address that the CPU 8085/88 will jump to on power on if 
enabled . 

The CPU 8085/88 can jump to any 256 byte page boundary in the 
lower 64k of address space. Switch 2 is set to correspond to the 
bit pattern of A8-15 of the page you want to jump to. When a 
switch is ON it represents a "one" and conversely when a switch is 
OFF it represents a "zero". 

SWITCH 2 - SWITCH POSITION ADDRESS BIT 

1 A8 

2 A9 

3 AlO 

4 ' All ON = "1" 

5 A12 OFF = "0" 

6 A13 

7 AI4 

8 AI5 



For example, if you want to jump to EOOO you would turn switch 
positions 1 through 5 OFF and switch positions 6 through 8 ON. 

DIP SWITCH 3 - MEMORY MAMAGER/PROCESSOR SWAP PORT ADDRESS 

Dip switch 3 is located between U33 and U34 and is used to set 
the address of the I/O port that is used to control the memory 
manager (output) and to swap processors back and forth (input). 

One port address is used by the CPU 8085/88 and is determined 
by setting the positions of dip switch 3 to correspond to the lower 
8 address bits (AO-7) of the desired port address. 

When a switch is turned ON it represents a "zero" and 
conversely when a switch is turned OFF it represents a "one". Note 
that this is the opposite of switch 2. 

SWITCH 3 - SWITCH POSITION ADDRESS BIT 

1 AG 

2 Al 

3 A2 

4 A3 ON = "0" 

5 A4 OFF = "1" 

6 A5 

7 A6 

8 A7 

The "standard" port address is FD hex. Any software that is 
provided by CompuPro will assume that this switch is set for port 
FD. To set the switch for port FD turn switch position 2 ON and 
all other switch positions OFF. 

2 OR 4 MHz OPERATION - SWITCH 4 

Switch 4 is used to select whether the 8085 will run at 2 MHz 
or 4 MHz. In some older systems, with slower memory, it may be 
necessary to run at 2 MHz. Some older generation hardware will not 
operate correctly or reliably at 5 MHz (such as the IMSAI front 
panel). Also some software has timing loops that depend on a 2 MHz 
processor. If possible these loops should be modified, but some 
are undocumented, making them hard to find and therefore change. 
If this is the case, you will probably want to run at 2 MHz. 

Switch 4 is located at the upper right hand corner of the 
board and is the large paddle switch with the red handle. Putting 
Switch 4 in the left-most position will cause the 8085 to run at 2 
MHz. Putting Switch 4 in the right-most position will cause the 
8085 to run at 4 MHz. 

This switch is not designed to be changed while running. It 
may work while running, but your program may also bomb. We make no 
guarantees! Note that this switch affects the 8085 only. The 8088 
always runs at 8 MHz. 



These CPU speeds apply to the standard board. Your particular 
board may have different crystals installed for faster operation. 



IMSAI FRONT PANEL USAGE 

If you are using an IMSAI type front panel, you will need to 
install jumper J6. J6 is located at the lower left-hand corner of 
the board. If you are not using an IMSAI type front panel, do not 
install J6. 

Note that installing J6 will cause the CPU 8085/88 to no 
longer meet the IEEE S-100 specification, so be aware. 



RESET OPTION JUMPER 

The way the CPU 8085/88 is shipped from the factory, both CPUs 
will be reset whenever a POC* or RESET* occurs (usually at power on 
and every time the Reset pushbutton is pressed). You may desire 
the 8088 to not be reset when a front panel reset occurs, but only 
at power on. If this is the case, you will need to change how J7 
is jumpered. J7 is located between U16 and U17 and consists of 
three pads labeled A, B and C. As the board is shipped, there is a 
small trace connecting pads A and B on the solder side of the 
board. Using an XACTO knife, carefully cut this small trace taking 
care not to damage any adjacent traces. Then install a jumper 
connecting pads B and C. This will cause the 8088 to be reset only 
at power on and the Reset button will have no effect. 

The normal mode of operation would be to leave pads A and B 
connected so that both processors are reset together. 



USING THE MEMORY MANAGER 

The CompuPro Memory Manager scheme works as follows: A stan- 
dard 8 bit microprocessor (such as the 8085) can only directly 
address 64K bytes of memory. That takes a 16 bit address bus. But 
the new IEEE S-100 standard provides for 24 bits of address bus 
which allows addressing of 16 megabytes. The problem is how to 
allow a processor with only 16 bits of address to appear to have 24 
bits. 

What we have done is to take an eight bit output port and 
latch any data byte that is written to it. This latched informa- 
tion is then buffered and placed on the upper 8 address lines on 
the S-100 bus (A16-23). Now an 8' bit processor has access to 16 
megabytes instead of its usual 64K bytes. 

Those that are familiar with bank select schemes will 
appreciate that this is quite similar, but instead of having the 
port duplicated on every memory board, it appears in only one place 
in the system. The biggest advantage that this has over bank 
select schemes is that the physical memory boards are standardized 
because of the IEEE defined address lines. 



So when using the 8085 one just writes an 8 bit word out to 
the output port that is selected by the setting of dip switch 3 and 
then by the beginning of the next cycle that address will appear on 
A16-23. 

But things are a bit different when using the 8088. The 8088 
has 20 address bits so it can directly address 1 megabyte of 
memory. The Memory Manager is smart enough to know if the 8088 is 
in control of the bus. If the 8088 is in control, only the upper 
four bits of the memory manager port are used and the lower four 
come direct from the 8088. In other terms, AO-19 come from the 
8088 and A20-23 come from the Memory Manager latch. 

As with the 8085, the 8088 will write a full byte to the port, 
but only the upper four bits will ever see the bus. The full byte 
is latched, however, and all eight bits will appear on the bus when 
the 8085 comes back on line. 

All eight bits will always be cleared (set to 0) on power up. 
See the Option Selection section of this manual for more options 
concerning the Memory Manager. (Dip switch 1, positions 1 and 2, 
and dip switch 3.) 



SWAPPING PROCESSORS 

On power up, the 8085 will always be in control of the bus and 
the 8088 will be asleep, just as if it was never turned on. To 
change over to the 8088, and to subsequently change back and forth, 
all that need be done is a simple INPUT instruction from the 
Processor Swap Port. 

This port is shared with the memory manager port in that they 
share the same address space. Hence they are both set with dip 
switch 3. The Memory Manager uses the output side, and the swap 
function uses the input side. The "standard" port address is FD 
hex. See the Option Selection section of this manual to find out 
how to set this address. 

When the 8088 comes on line for the first time, it will go 
through its normal initialization sequence, which is that it will 
begin to execute code at address FFFFO (OFFFFO if you take the 
Memory Manager into account). After that first time it comes on 
line there are two optional ways for it to come on line thereafter. 

One is just like the first, in that a RESET will be issued to 
the 8088 before any execution can ensue. This will cause it to 
again begin to execute code at FFFFO. 

The other mode is one where the 8088 just "sleeps" in place 
until it is reawakened, when it picks up where it left off as if 
nothing had happened. 

Either mode can be useful depending on the application. The 
RESET mode may be useful in a development atmosphere, but the sleep 
mode may be more practical in a real-time environment. 

The 8085 can work in just the same way as the 8088. It will 
either do a normal power on sequence (where it executes at 0000) or 
it can do a power-on- jump if enabled, when the system is powered 
up. 

After the 8088 gains control, by the 8085 doing an IN to the 
processor swap port, you have the same options for when it comes 
back on line as you do with the 8088. 



You may have the 8088 in one mode and the 8085 in the other or 
both the same. See the Option Selection section of this manual 
(dip switch 1, locations 4 and 5) to determine how to select the 
modes you desire. 

Note that if you elect the RESET mode for the 8085 and the 
power-on-jump is enabled, the 8085 will do a power-on-jump sequence 
each time it comes on line. 

Since the command to swap processors is an IN instruction, and 
the purpose is not really to read any information from the input 
port, FF hex will be returned in the A register. This means that 
any previous contents will be lost. So if the contents of the A 
register are important to you, be sure to store it somewhere first 
(a PUSH instruction would be the most likely). 

The following is an example of a typical program flow using 
both processors, assume sleep mode for both: 

Computer Powers Up 

8085 does a power-on-jump 

Program begins to execute 

Time to swap processors 

Load in object module for 8088 

Set up jump to 8088 code at FFFFO hex 

Push A register 

Do an IN from port FD hex 

(on board hardware puts 8085 to sleep 
and wakes up 8088) 
8088 now on line 

8088 begins execution at FFFFO hex 
Jump to object module 
Perform task 
Time to swap processors 

(ie: need something from disk) 
Put info to be passed in RAM 

(ie: task info: drive number, sector etc.) 
Push A register 
Do an IN from port FD hex 
8085 back on line 
Pop A register 
Perform task 
Push A register 
Do an IN from port FD hex 
8088 back on line 
etc. 

The last obvious consideration is that one processor should 
generally not modify the execution or stack areas of the other 
processor. This requires careful planning on the part of the 
programmer. 
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CIRCUIT DESCRIPTION 

The CPU 8085/88 contains four basic sections of circuitry. 
They are: The Processor and Bus Interface Circuitry, the Processor 
Swap Circuitry, the Memory Manager Circuitry and the Power-on-Jump 
Circuitry. We will discuss each section individually. 



PROCESSOR AND BUS INTERFACE CIRCUITRY 

The processor and S-100 bus interface circuitry performs the 
necessary primitive functions such as providing clocks to the CPUs, 
signal buffering and timing conversion to fit the S-100 IEEE 
standard. Some signals are "synthesized" for the S-100 bus since 
neither CPU generates those signals directly. 

The 8085 has a built-in clock generator which the CPU 8085/88 
takes advantage of when running at 6 MHz. A crystal that is two 
times the desired frequency is hooked across the appropriate pins. 
In this case the crystal is X3 and is 12 MHz which gives us the 
desired 6 MHz operating frequency. 

Inbetween the crystal and the 8085 is a SPDT switch, S4. S4 
allows either the crystal to be hooked up directly to the CPU or 
allows insertion of a 4 MHz clock signal (more about that signal 
later). This causes the CPU to run at 2 MHz. 

The 8088 requires a completely different clock circuit. It 
requires a clock frequency three times the desired operating fre- 
quency and it must have a 63/33 % duty cycle. For this we use the 
Intel 8284 IC, a clock generator designed specifically for the 
8088/86. The 24 MHz crystal, X2 is hooked up to the 8284 which 
then provides the necessary division by three and the proper duty 
cycle. No provision has been made, other than by changing the 
crystal, to alter the 8088's operating frequency. 

The S-100 bus requires a 2 MHz clock signal on pin 49 regard- 
less of the operating frequency of the processor. This is provided 
by an oscillator comprised of three sections of U8 and XI, a 4 MHz 
crystal. The 4 MHz output of the oscillator is used above to run 
the 8085 at 2 MHz. The 4 MHz signal is also divided by a flip-flop 
to 2 MHz, is buffered and goes out to the bus. 

Both processors have a bi-directional data bus. Both are tied 
together (one is always Tri-Stated). The resultant data bus is 
buffered by U37 and then goes out onto the DO bus. U37 can be Tri- 
Stated by the DODSB* signal on the S-100 bus. The DI bus is 
buffered by U38 and U38's outputs are tied to the internal data 
bus. Those outputs are enabled by the DBIN signal, but will be 
disabled by the POJ* signal or the RUN line on the S-100 bus. RUN 
is used by IMSAI-type front panels to force data into the CPU over 
the 16 pin cable (J2) so the DI buffer should be turned off. A 
pull-up resistor is provided on the RUN line so that systems not 
utilizing this line will still work. Note that RUN is no longer a 
specified signal on the S-100 bus. 

Both the 8085 and the 8088 put the lower 8 address bits on the 
data bus during the first part of the cycle. The ALE signal from 
both processors is used to latch this information. Both ALE 
signals are ORed by a section of U23 to generate the SYSALE signal. 
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We now have a common ALE signal for the whole card that will 
represent the 8085 ALE when it is in control and the 8088 ALE when 
it is in control. 

The data bus is tied to the inputs of of U35, a 74LS373 
transparent latch. The latch control is hooked to the SYSALE 
signal. This latches the address information from the data bus. 
The outputs of U35 become A0-A7 on the S-100 bus. 

A8-15 from both processors are tied together (one is always 
Tri-Stated) and are buffered by U36 and go out onto the S-100 bus. 
Both U35 and U36 may be Tri-Stated by the ADSB* signal. 

The 8085 has three lines; SO, SI, and lO/M* from which all of 
the possible states of operation (status) may be decoded. The 8088 
has three similar lines; SSO, lO/M* and DT/R*. The code on the two 
sets of lines is completely different. All the lines from the 8088 
are Tri-Stated during a HOLD, but SO and SI from the 8085 are not. 
Two sections of U40 allow these two signals to be Tri-Stated, being 
controlled by the HLDA signal from the 8085. 

The two sets of three lines may now be tied together. These 
are fed into a bipolar PROM, U30, that decodes the signals into the 
S-100 status signals. But the codes on the two lines are 
different. The CPU 8085/88 has a signal called 8/5* that is high 
when the 8088 is in control and low when the 8085 is in control. 
This signal is used to select between two sets of data inside the 
PROM so that the three lines are decoded differently depending on 
which processor is driving the lines. 

The status signals are buffered by U39 and then go out to the 
S-100 bus. The outputs of U39 may be Tri-Stated by the SDSB* 
signal. 



The processor control signals on the S-100 bus, pSYNC and the 
like, are the most difficult to synthesize, so we will discuss each 
signal separately. 

pSYNC - The signal pSYNC is used to signify the beginning of each 
machine cycle. The SYSALE signal occurs at the beginning of each 
machine cycle so it makes sense to use that for pSYNC. It cannot 
be used directly because it does not have the proper relationship 
to the bus clock. 

SYSALE sets a flip-flop by clocking in a "1" as it rises. The 
output of the flip-flop is connected to the D input of another 
flip-flop. The second flip-flop is clocked by the system clock so 
that after the next rising edge of the clock its output will go 
high. This is the pSYNC signal. 

When the inverting output of the second flop goes low it 
clears the first flip-flop which makes the D input to flop 2 go 
low. On the next rising edge of the system clock this low will be 
clocked out ending the pSYNC signal. 

The first flip-flop is needed because ALE is not guaranteed to 
be stable during that first rising edge of the clock. 

pSTVAL - The signal pSTVAL* goes low to signify that the address 
and status bus are stable and contain valid information. This 
signal is generated by NANDing pSYNC with inverted system clock. 
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pDBIN - The signal pDBIN is used to signify that the CPU wants to 
read data on the DI bus. It is the read strobe for the S-100 bus. 
The S-100 bus specification states that pDBIN should go high during 
a memory read, input or interrupt acknowledge cycle. 

The RD* signals from the CPUs will go low for a memory or I/O 
cycle, but not for an interrupt acknowledge cycle. The INTA* 
signal goes low for interrupt acknowledge cycles. 

So to synthesize the pDBIN signal the INTA* signals from both 
CPUs are tied together, as are the RD* signals. (As with the data 
bus, only one is ever active). The composite RD* and INTA* signals 
go into the inputs of a NAND gate which provides inversion and an 
OR function at the same time. So either RD* ojr INTA* can cause 
pDBIN. 

The output of this gate is the DBIN signal used on-board, but 
occurs too early to meet the S-100 bus spec. Therefore the DBIN 
signal is gated by the inversion of pSYNC so that pDBIN cannot 
start until pSYNC is low. The resultant signal is inverted and 
becomes pDBIN. 

pWR* - The signal pWR* is used to signify that valid data is on the 
DO bus to be written into a memory or I/O device. It is the 
generalized write strobe for the S-100 bus. 

Both WR* lines from the CPUs are tied together (one is always 
Tri-Stated). The signal direction is OK for the S-100 bus, but the 
timing is not. The S-100 bus spec states that data must be valid 
before the leading edge of the write strobe and after the trailing 
edge of the write strobe. 

The 8085 and 8088 guarantee data to be valid after the 
trailing edge, but not before the leading edge. Therefore we must 
delay the leading edge of pWR*. Delaying pWR* until the next 
positive clock edge will meet the timing requirements nicely, so we 
do just that. 

The write strobe is presented simultaneously to one input of 
an OR gate and the D input of a flip-flop. The clock input to the 
flip-flop is the system clock which has been clocking in a high 
from the inactive write strobe, so the output of the flop will be 
high. The output of the flop is connected to the So when the 

write strobe is inactive (high), both inputs to the OR gate will be 
high making the output high. When the write strobe goes low, one 
input to the OR gate will go low but the output will remain high. 
After the next rising edge of the clock the output of the flip-flop 
will go low making the other input to the OR gate low. The two 
lows will cause the output of the OR gate to go low making our pWR* 
signal. When the write strobe returns high, so will the output of 
the OR gate ending pWR* at the right time. 

pHLDA - The pHLDA signal is used to signify that the processor has 
relinquished the bus to another temporary master, usually a DMA 
device. The generation of this signal will be covered under the 
section concerning the processor swap circuitry. All of these 

signals are buffered by U27 and go out to the S-100 bus. U27 may 
be Tri-Stated by assertion of the CDSB* signal. 
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RDY - The two RDY signals on the S-100 bus are used to extend the 
current bus cycle for slow memory, single stepping etc. They are 
ANDed together along with the on-board I/O wait state generator. 
The resultant output is then connected directly to the 8085 RDY 
input, but is synchronized to the clock by a flip-flop for the 
8088. The output of the flip-flop goes to the ready input of the 
8284 and then to the 8088 itself. The flip-flop is necessary 
because of a timing idiosyncrasy in the 8284. 

The on-board wait state generator is a flip-flop whose D input 
is an extended ALE derived from the pSYNC generator. This is 
clocked in and out by the system clock, causing one wait state to 
be generated. The CLR input to the flip-flop is tied to the lO/M 
line from both processors which is low during memory cycles. This 
will cause the. flip-flop to be inactive during memory cycles so 
that wait states will only be generated during I/O cycles. 

The output of the flip-flop is connected/disconnected from the 
RDY circuits by a dip switch. 

NMI* & pINT* - The interrupt lines, NMI* and pINT* are inverted and 
then gated by some AND gates that are turned on and off by the 8/5* 
line and its inversion. This logic is used to steer the interrupt 
inputs to the processor currently on line. 

MWRT - The MWRT signal is the memory write strobe for the S-100 bus 
and is generated by NORing pWR* and the status line sOUT. MWRT may 
be disconnected from the bus by a dip switch. MWRT is buffered by 
a section of U31. 

The power-on-clear circuitry is used to initialize on board 
logic and also to generate the POC* signal for the S-100 bus. Tri- 
State buffers are enabled by the POC* signal to also drive RESET* 
and SLVCLR* low at power-on, per the S-lOO bus spec. 

A simple RC time constant is formed by R15 and C9 which is 
buffered by a section of U40 acting as a Schmitt Trigger. 

This completes the description of the Processor and Bus Inter- 
face Circuitry. Next we will describe how the Processor Swap 
Circuitry operates. 



PROCESSOR SWAP CIRCUITRY 

It is the job of the processor swap circuitry to handle the 
orderly change-over between the two CPUs on the CPU 8085/88. 

The basic theory is this: One processor is "put to sleep" by 
pulling its HOLD line high. This line is normally used for DMA. We 
are told by the CPU that it has gone to sleep (relinquished the bus 
by tri-stating its outputs and suspending all internal operations) 
by the HLDA line that is active high. 

What the processor swap circuitry does is to alternatively 
make the HOLD line to each processor high and low to control which 
one is on line. Since the HOLD line is also normally used for DMA, 
some logic must be provided to steer the pHOLD* line from the S-100 
bus to the processor on line, and to arbitrate between a hold from 
the bus and an internal hold. 
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There must also be a "command" signal that tells the circuitry 
to change processors. This is done by decoding an I/O port and 
making a command pulse each time an access is done. This port 
address is shared with the Memory Manager circuitry (described 
later). 

At power-on, the signal 85HOLD from the output of flip-flop 
UIO will be low, and the signal 88H0LD from the output of filp-flop 
U9 will be high. This means that the 8085 will come up running and 
the 8088 will be held. Also a signal named 8/5* will be low signi- 
fying that the 8085 is in control. This signal originates from 
flip-flop U5. 

The I/O port is decoded by the 25LS2521 eight bit comparator, 
U34. The output of U34 is inverted and applied to one input of U3, 
a three input NAND gate. The other two inputs are tied to pDBIN 
and sINP. When all three signals are high the output of U3 will go 
low. This is inverted and used to clock a flip-flop, U2. The 
flip-flop's D input is tied high making the non-inverting output of 
the flop go high. The non-inverting output is tied, through two 
inverters for delay, to the clear input of the flop. So after two 
gate delays the flip-flop will be cleared. This produces a short 
pulse at its outputs. This signal is called PORTPULSE*, and is the 
swap command pulse we need. 

When PORTPULSE* occurs, it sets the output of UlOa to a one. 
Assuming there is no DMA request from the bus PHOLD (an internal 
board inversion of the bus pHOLD*) will be low. This allows the 
high from UlOa to pass through the OR gate U23, presenting a high 
to the D input of UlOb. On the next positive transition of the 
8085 clock, the output of UlOb (85HOLD) will go high. This causes 
a hold request to be issued to the 8085. 

When the 8085 is done with the current cycle or cycles it will 
raise its HLDA line, 5HLDA. This indicates that the 8085 outputs 
are Tri-Stated and internal operations have been suspended. When 
5HLDA rises it will clock a low out of flip-flop U9a. This low 
will pass through OR gate U23 and appear at the D input to U9b. 
After the next rising edge of the 8088 clock, the output of U9b 
(88HOLD) will go low. This will allow the 8088 to begin 
operations. 

On the next occurrence of PORTPULSE* the whole process will be 
reversed. PORTPULSE* will also clock U4b which is set up as a 
divide by two toggles. U4b's output will be low at power on. This 
output is tied to the D input of U5a. The output of U5a (8/5*) 
will also be low at power on. The clock input of U5a will be 
clocked by either 5HLDA or 8HLDA going low, signifying a processor 
coming on line. 

So when PORTPULSE* occurs U4b will change states, and when a 
processor comes on line the state of U4b will be clocked through 
U5a, changing the state of the 8/5* line. This lets the on-board 
circuitry know which processor is in control. 

The signal that clocks U5a (signifying a CPU coming out of a 
hold state) also clocks U4a. U4a then produces a pulse called 
HOLDOVER*. The signal that clocks U5a and U4a is inverted (which 
means it now signifies a CPU going into the hold state) and used to 
clock U12b. The D input of U12b is the PHOLD signal which will be 
low if there is no bus DMA request. 
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The output of U12b is BHLDA, which after being buffered be- 
comes pHLDA on the S-100 bus. So if there is no bus hold request 
(PHOLD low), when U12b is clocked, BHLDA will remain low. This is 
exactly what we want - we don't want the bus to see the internal 
hold operations. 

But if PHOLD is high, BHLDA will go high. When the HOLDOVER* 
pulse occurs, at the end of the DMA, U12b will be reset causing 
BHLDA to return low. 

Some arbitration is needed to hold off a hold request from the 
S-100 bus during a processor swap. This is accomplished with flip- 
flop U2b and a NOR gate U14. 

The pHOLD* signal from the S-lOO bus goes to one input of the 
NOR gate. The other input comes from the output of U2b. This 
output is normally low, allowing the pHOLD* signal through the gate 
(with inversion). The output of the gate becomes PHOLD. When 
PORTPULSE* occurs, a high will appear at the output of U2b which 
will inhibit pHOLD* from going through the NOR gate. The HOLDOVER* 
pulse will clear U2b allowing pHOLD* through the gate again. 

PHOLD is allowed to ripple through the sections of U9 and UIO 
because of OR gate U23. This allows the hold request to get to the 
processors, unless it is held off by the previously discussed 
circuitry. 

When the processor changes, so must the system clock. This is 
accomplished with a flip-flop, U12a, and some Tri-State buffers 
from U24. 

The flip-flop is constantly being clocked by the current 
system clock. The non-inverting output is hooked to the Tri-State 
control of one section of U24 (U24b) and the inverting output is 
hooked to the Tri-State control of another section of U24, U24a. 
The D input to the flop is hooked to the 8/5* line. 

The input to U24b is the clock from the 8085 and the input to 
U24a is the clock from the 8088. Since the Tri-State inputs are 
connected to opposite outputs of U12a, only one section of U24 will 
be turned on at a time. 

When 8/5* changes, the change will be reflected in the outputs 
of U12a which will turn on the appropriate section of U24 allowing 
the correct clock to become the system clock. 

The last section of the processor swap circuitry concerns the 
Reset-On-Swap option. This circuit allows a RESET to be issued to 
the processor that is just coming on line. 

U7 is a 74LS221 dual one-shot. A one-shot produces a pulse of 
a fixed duration in response to an edge-triggered input. The 
duration of the pulse is set by a resistor and capacitor. 

The resistors and capacitors in this case are R3 and 4, and C5 
and C6. Their values will produce a pulse of about two 
microseconds. 

The trigger inputs are the HLDA signals from the CPUs. The 
trigger inputs of U7 are set up to trigger on the negative going 
edge. So, for example, when 5HLDA falls (signifying that the 8085 
is about to come on line) a 2 microsecond pulse will be issued from 
U7. This pulse goes to the 8085 reset input which causes the 
processor to reset. 

The outputs of U7 may be connected/disconnected from operation 
by means of a dip switch. 
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This completes the section on the processor swap circuitry. 
Next we will explain the Memory Manager. 



MEMORY MANAGER CIRCUITRY 

The function of the Memory Manager is more clearly defined in 
the section entitled USING THE MEMORY MANAGER . Please refer to 
that section for an explanation of what the Memory Manager's 
functions are. Here we will only explain how the circuitry works. 

As explained in the previous section, the Memory Manager's 
port address decoder is shared with the processor swap port. The 
processor swap port uses the 'input' side, while the Memory Manager 
uses the 'output' side. 

The output is decoded by the signal from U34, sOUT and the 
inversion of pWR*. These three signals are connected to the inputs 
of a three input NAND gate, U3. The output of U3 will go low when 
all three inputs are high, signifying an output to the selected 
port. The output will return high at the end of the output cycle, 
but data will still be /alid. 

This positive going edge is used to latch data from the data 
bus into U28, a 74LS273 octal latch. The upper four outputs of the 
latch go to U33, a 74LS373 octal transparent latch. The lower four 
outputs of U28 go to half the inputs of U29, a 74LS157 quad two 
input multiplexer. 

The control input to the multiplexer is the 8/5* line. When 
8/5* is low, signifying that the 8085 is in control, the four 
outputs of U28 pass through the multiplexer to the other four 
inputs of U33. But when the 8088 is in control (8/5* high), the 
four outputs of the multiplexer no longer represent the outputs of 
U28, but instead represent A16-19 from the 8088. 

SYSALE is used to latch the outputs from U28 and U29 into U33. 
The outputs of U33 become the S-100 extended address bits A16-23. 
SYSALE is needed because the 8088 only puts address info on the 
A16-19 lines during the first part of the cycle (as it does with 
the data/address lines). It also ensures that the address on the 
bus changes at the first part of the next cycle, instead of the 
last part of the current cycle. 

U28 will be cleared at power-on. It may also be cleared by 
each successive bus RESET* depending on the position of a dip 
switch. 

The outputs of U33 will be Tri-Stated by a POC*, RESET* or 
ADSB*. ADSB* can be ignored by the Memory Manager by setting a 
dip-switch. 

This completes the description of the Memory Manager circuit. 
Next we will discuss the operation of the power-on-jump circuit. 



POWER-ON- JUMP CIRCUITRY 

The power-on-jump circuitry used in the CPU 8085/88 is 
designed to allow the 8085 to begin execution of a program at some 
address other than 0000. It doe§ this by forcing a jump op-code 
(C3 hex) followed by a byte of zeroes and then an eight bit value 
that contains the starting address of the page you want to jump to. 
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At power-on, flip-flop U5b is cleared, setting its non- 
inverting output high. This output is connected to one input of 
NAND gate U16. The other input to U16 is connected to DBIN. When 
both signals are high, the output (POJ*) will go low. This will 
enable the octal buffer U26 and disable the normal DI driver, U38. 

At address 0, a C3 hex will be presented to the inputs of U26 
and thus to the 8085. C3 is the 'jump' op-code. At address 1, a 
byte of zeroes will be presented to the inputs of U26. At address 
2, the setting of dip switch 2 will be presented to the inputs of 
U26. The setting of dip switch 2 should correspond to the upper 
byte of the desired memory address. 

Finally, at the next address, U5 will clock its non-inverting 
output low, causing U26 to be Tri-Stated and the normal DI buffer 
to be re-enabled. This allows the next byte to be read from the 
bus, and normal execution ensues. 

The output of U16 (POJ*), can be disabled by a dip switch, 
which will cause the power-on-jump circuitry to be inactive. 

The power-on-jump circuitry will activate after a POC*, and if 
desired, after each RESET*. This option is also set with a dip 
switch. 

This completes the circuit description of the CPU 8085/88. 

Read/write cycle timing for the 8085 and 8088 based on IEEE S- 
100 timing parameters are illustrated in the figures on the 
following pages. 
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8085 TIMING 



8083 READ/WRITE CYCLE TIMIHG 
BASED ON IEEE S-100 TIMING PARAMETERS 

(see timing diagram for meaning of signal mnemonics) 
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8088 READ/WRITE CYCLE TIMING 
BASED ON TKKK S-100 TIMING PARAMETERS 

(see timing diagram for meaning of signal mnemonics) 
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PARTS LIST 



SEMICONDUCTORS 


CRYSTAL 


VALUE 






XI 




4 MHz 


Ul 


74LS08 


X2 




15 MHz 


U2 


74LS74 


X3 




10 MHz 


U3 


74LS10 










U4 


74LS74 


CAPACITOR VALUE 


U5 


74LS74 


CI 




39 


uF 


U6 


74LS08 


C2 




39 


uF 


U7 


74LS221 


C3 




39 


uF 


U8 


74LS04 


C4 




39 


uF 


U9 


74LS74 


C5 




.001 


uF 
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74LS74 
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.001 


uF 
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uF 
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C8 
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uF 
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2.7 


OHM 


U30 


G165 


RI5 




SIP 
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LIMITED WARRANTY 



COMPUPRO warrants this computer product to be in good worl<ing order for a period of one (1) 
year, (two [2] years CSC and six [6] montlis for disl< drives) from the date of purchase by the 
original end user. Should this product fail to be in- good working order at any time during this 
warranty period, COMPUPRO will, at its option, repair or replace the product at no additional 
charge except as set forth below. Repair parts and replacement products will be furnished on an 
exchange basis and will be either reconditioned or new. All replaced parts and products become 
the property of COMPUPRO. This limited warranty does not include service to repair damage to 
the product resulting from accident, disaster, misuse, abuse, or unauthorized modification of the 
product. 

If you need assistance, or suspect an equipment failure, always contact your COMPUPRO System 
Center or dealer first. COMPUPRO System Center technicians are factory trained to provide 
prompt diagnosis and repair of equipment failures. If you prefer, or if you are not satisfied by the 
actions taken by your System Center/dealer, you may return the product to COMPUPRO for 
warranty service. Please call COMPUPRO at ''(41 5) 786-0909 to obtain a Return Material 
Authorization (RMA) number, or, write to COMPUPRO at 3481 Arden Road, Hayward, California 
94545, Attn.: RMA. Be sure to include a copy of the original bill of sale to establish purchase date. 
If the product is delivered by mail or common carrier, you agree to insure the product or assume 
the risk of loss or damage in transit, to prepay shipping charges to the warranty service location 
(System Center or COMPUPRO) and to use the original shipping container or equivalent. Contact 
your COMPUPRO System Center/dealer or write to COMPUPRO at the above address for further 
Information. 

ALL EXPRESS AND IMPLIED WARRANTIES FOR THIS PRODUCT, INCLUDING THE 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE 
LIMITED IN DURATION TO A PERIOD OF ONE (1) YEAR FROM THE DATE OF PURCHASE, 
AND NO WARRANTIES, WHETHER EXPRESS OR IMPLIED, WILL APPLY AFTER THIS 
PERIOD. SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN IMPLIED 
WARRANTY LASTS, SO THE ABOVE LIMITATIONS MAY NOT APPLY TO YOU. 

IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED ABOVE. YOUR 
SOLE REMEDY SHALL BE REPAIR OR REPLACEMENT AS PROVIDED ABOVE. IN NO EVENT 
WILL COMPUPRO BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING ANY LOST 
PROFITS, LOST SAVINGS OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES 
ARISING OUT OF THE USE OF OR INABILITY TO USE SUCH PRODUCT, EVEN IF 
COMPUPRO OR A COMPUPRO FULL SERVICE SYSTEM CENTER HAS BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY 

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR 
CONSEQUENTIAL DAMAGES FOR CONSUMER PRODUCTS, SO THE ABOVE LIMITATIONS 
OR EXCLUSIONS MAY NOT APPLY TO YOU. 

THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER 
RIGHTS WHICH MAY VARY FROM STATE TO STATE. 

COMPUPRO 

3481 Arden Road 

Hayward, CA 94545 

(415) 786-0909 

Note: This warranty supersedes all previous warranties, and all other warranties are now obsolete. 



CoHfipuPro, 



